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Development of An Improved Oxygen Elec t rode  f o r  Use 
i n  Alka l ine  H2-02 Fue l  Cells 

Summary 

A t o t a l  of 26 p repa ra t ions  were synthesized and shipped t o  Tyco 
Labora tor ies  i n  t h i s  q u a r t e r .  Apparatus f o r  t e s t i n g  a c t i v i t y  of 
cathode c a t a l y s t s  , i n  t h e  r educ t ion  of  oxygen i s  i n  ope ra t ion  now. 
Se lec ted  p repa ra t ions  from amongst t h e  materials synthesized so f a r  
a r e  being inducted by d i f f e r e n t  methods and t h e i r  a c t iv i t i e s  t e s t e d .  
Resu l t s  of d i f f e r e n t  induct ion  experiments on reduced 3Ni-1Au are 
presented.  None o f  t h e  induc t ion  methods t r i e d  so f a r  has  l ed  t o  
an  improved c a t a l y s t .  

In t roduc t ion  

The o b j e c t  of t h i s  p r o j e c t  i s  t o  develop catalysts f o r  t h e  
ca thodic  r educ t ion  o f  oxygen i n  a l k a l i n e  H2-02 f u e l  cel ls .  The 
work i s  being conducted i n  coopera t ion  wi th  Tyco Labora tor ies  Inc . ,  
and t h e  materials under i n v e s t i g a t i o n  are t h e  i n t e r s t i t i a l  compounds 
o f  t h e  t r a n s i t i o n  metals,  s i n g l y  and i n  combinations,  wi th  carbon, 
n i t rogen ,  and boron. Samples of t h e  p repa ra t ions  are a l s o  s e n t  t o  
o t h e r  f i rms  des igna ted  by t h e  Technical  Monitor of N.A.S.A.  This  
r e p o r t  d e a l s  p r imar i ly  wi th  t h e  p repa ra t ion  o f  t h e s e  compounds; 
information on t h e  e f f i c a c y  of t h e  p repa ra t ions  i n  l abora to ry  tests 
may be  obtained from t h e  r e p o r t s  of Tyco Labora to r i e s ,  Inc . ,  
Waltham, Massachusetts.  

Experimental 

A .  Prepa ra t ion  of  Reduced Mixed Metals, Thei r  Carbides ,  and 
N i  t r oca rb ides  

A s  descr ibed  earlier (l), t h e  fol lowing sequence of  s t e p s  are 
involved : 



Mixtures  o f  salts  of  t r a n s i t i o n  metals i n  s o l u t i o n  

NaOH , 80 O-90 "C I 
I 
I 
I 

Coprec i p i  t a t  ed hydroxides 

H2, 250' o r  275OC, - 85 h r s .  

Reduced mixed metals 

COY 250°-260°C, 100 h r s .  

Carbides 

NH3, 26OoC, 48 hrs .  

N i t roca rb ide  

S ince  platinum does not  p r e c i p i t a t e  as hydroxide from a s o l u t i o n  
o f  i t s  salt  by t h e  a d d i t i o n  of NaOH, i t  was p r e c i p i t a t e d  as Pt -b lack  
by r educ t ion  with a l k a l i n e  sodium formate. 
f o r  t h e  foregoing sequence of s t e p s  h a s  been descr ibed  earlier (2). 

The procedura l  d e t a i l s  

The mixed metals hydroxides t h a t  were reduced, carb ided ,  and 
n i t roca rb ided  dur ing  t h i s  q u a r t e r  are l i s t e d  i n  t a b l e s  1, 2,  and 3 ,  
re spec t ive l y  e 
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TABLE 1.- Reduction o f  mixed metals hydroxides 

Reducing gas  : H2 
Space v e l o c i t y :  1,000 h r - I  
Time : - 85 hrs. 

Run Temperature of Composition o f  
No. r educ t ion ,  O C  reduced material  

80R- 11 
8 1R 
8 2R 
8 4R 
8 5R 
8 6R 
8 7R 
88R 
89R 
9 OR 

250 
11 

II 

275 
250 

275 
250 

II 

11 

1 1  

3 N i  - 1P t 
1Ni-1Pt 
1Ni-3Pt 
3Ni - 1Ag 
1Ag - 1Pd 
3Ag - 1Pd 
4Cr - 1Mo 
lAu-3Pd 
lAu-lPd 
3Au - 1Pd 

- 

- 1/ The letter R s t ands  f o r  reduced mater ia l .  
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TABLE 2.- Prepara t ion  o f  c a r b i d e s  

Carbiding gas: CO 
Space v e l o c i t y :  1,000 hr ' l  

Chemical a n a l y s i s ,  
weivht -percent  

Duration o f  Temp., T o t a l  F r e e  
No. Charge- 11 carb id ing  , h r s .  O C  C C 
Run 

80C- 21 3Ni-1Pt 4 160-260 
10 5 260 5.96 3.40 

1 N i  - 1P t 5 160 -260 8 1C 
100 260 3.66 2.57 

8 2C 1Ni-3Pt 4 160-260 
105 260 1 . 2 1  0.97 

8 4C 3Ni-1Ag 4 160-260 
103 260 5.75 0.35 

8 5C 1Ag - 1Pd 5 160 -260 
104 260 0.29 0.10 

86C 3Ag - 1Pd 4 160 -260 
105 260 0.5 0.23 

87C 4Cr - lMo 5 160-260 
10 3 260 

8 8 C  1Au -3Pd 4 160 -260 
10 4 260 

11 Reduced c o p r e c i p i t a t e d  hydroxides.  
- 21 The le t te r  C s tands  f o r  carb ide .  
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TABLE 3.- P repa ra t ion  of n i t r o c a r b i d e s  

N i t r i d i n g  gas:  NH3 
Space ve loc i ty :  1,000 hr-I 
Time , hours  : 48 
Temperature : 260 "C 

Chemical a n a l y s i s ,  
weight pe rcen t  

No. Charge C C N 

5 8 N d l  80C 5.36 3.57 0.47 

Run To ta l  F ree  

(carbided 3Ni-1Pt) 

59NC 8 lG/ 3.57 2.86 0.26 
(carbided 1Ni-1Pt) 

60NC 8 2C 1.11 0.88 0.24 
(carbided 1Ni-3Pt) 

6 1NC 8 4C 5.42 0.34 0.57 
(carbided 3Ni- 1Ag) 

6 2NC 85C 
(carbided 1Ag- 1Pd) 

63NC 8 6C 
(carbided 3Ag- 1Pd) 

6 4NC 88& 
(carb ided 1Au-3Pd) 

- 1/ The le t ters  NC s tand f o r  n i t roca rb ide .  
- 2/ Space v e l o c i t y :  1,500 hr-1. 
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X-ray a n a l y s i s  o f  the p repa ra t ions  8OC-84C g ives  evidence f o r  
t h e  formation o f  n i c k e l  ca rb ide  only.  It may f u r t h e r  be  noted fram 
Table  2 t h a t ,  under i d e n t i c a l  cond i t ions  o f  p repa ra t ion ,  a far l a r g e r  
p ropor t ion  o f  f r e e  carbon was found i n  t h e  carb ided  3Ni-1Pt t han  i n  
t h e  carb ided  3Ni-1Ag. S ince  t h e  t o t a l  carbon w a s  about t h e  same i n  
the two p repa ra t ions ,  t h e  c a r b i d i c  carbon must b e  less i n  the car- 
bided 3Ni-1Pt t han  i n  t h e  carb ided  3Ni-1Ag0 P t ,  i t  seems, tends  t o  
c a t a l y z e  t h e  decomposition of  n i c k e l  carb ide .  

I n  conf i rmat ion  o f  x-ray evidence,  chemical a n a l y s i s  appears  t o  
i n d i c a t e  only  n e g l i g i b l e ,  i f  any, ca rb ide  formation i n  t h e  cases o f  
Ug-1Pd and 3Ag-1Pd0 

B, Electrochemical  T e s t  C e l l  

a )  Techniques 

During the q u a r t e r ,  a n  appara tus  was assembled t o  permit  t h e  
e lec t rochemica l  t e s t i n g  of  t h e  catalyt ic  materials ( f i g u r e  1). This  
appara tus  w a s  pa t t e rned  a f t e r  t h e  f l o a t i n g  e l e c t r o d e  ce l l  (3) de- 
s c r ibed  by Tyco Labora tor ies ,  Inc .  W e  wish t o  acknowledge o u r  
s i n c e r e  a p p r e c i a t i o n  t o  t h e  s t a f f  o f  Tyco Labora tor ies  f o r  t h e i r  
h e l p  i n  t h i s  area. 

The ce l l  i s  a double  oxygen h a l f - c e l l ,  

4 OH- = 2 H ~ O  -t o2 -t 4 e-, 

wi th  t h e  e l e c t r o d e  under tes t  consuming oxygen by t h e  reverse r e a c t i o n  
and a counter  e l e c t r o d e  employing t h e  forward r eac t ion .  With t h e  test  
e l e c t r o d e  grounded, c u r r e n t  r equ i r ed  t o  main ta in  t h e  counter  e l e c t r o d e  
a t  a given p o t e n t i a l  may be determined, and, by repea ted  measurement, 
t h e  cu r ren t -vo l t age  performance curve  of t h e  test  material t r aced .  

S ince  t h e  app l i ed  p o t e n t i a l  d i f f e r e n c e  a s soc ia t ed  wi th  a given 
c u r r e n t  w i l l  b e  decreased due t o  t h e  i n t e r n a l  resistance, Rc, o f  
t h e  ce l l ,  t h e  c u r r e n t - p o t e n t i a l  curve ,  as measured, i s  no t  comparable 
t o  measurements made i n  a d i f f e r e n t  ce l l .  Therefore ,  t h e  c o r r e c t i o n  
f a c t o r  , 

AE = I Rc 

i s  cus tomar i ly  added t o  t h e  appl ied  p o t e n t i a l  t o  allow comparison o f  
t h e  r e s u l t s  o f  d i f f e r e n t  workers. The r e s i s t a n c e  of  t h e  cel l  w a s  
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determined he re  by a r e l a x a t i o n  technique. A known c u r r e n t  w a s  appl ied  
t o  the ce l l ,  then suddenly in t e r rup ted .  The t r a n s i e n t  p o t e n t i a l  change 
w a s  measured on an  osc i l l o scope ,  wi th  t h e  ins tan taneous  response 
a t t r i b u t e d  t o  r e s i s t i v e  l o s s  and t h e  rest t o  c a p a c i t a t i v e  decay. Then 

AEIns t . "App . RC * 

The re fe rence  e l e c t r o d e  used was a hydrogen e l e c t r o d e  of a 
type proposed by Giner ( 4 ) .  A p a i r  o f  i n e r t  e l ec t rodes  a r e  immersed 
i n  the e l e c t r o l y t e  and connected t o  a p o t e n t i a l  source t o  main ta in  a 
p o t e n t i a l  s u f f i c i e n t  f o r  t h e  e l e c t r o l y s i s  of  water. 
s ta te  has  been reached t h e  nega t ive  e l e c t r o d e  remains a t  a p o t e n t i a l  
w i th in  about 30 mv of t h e  hydrogen zero  p o t e n t i a l .  
r e c t i o n  requi red  may be measured a t  t h e  s ta r t  o r  conclusion of an 
experiment by comparison with a t r u l y  r e v e r s i b l e  hydrogen e lec t rode .  
A r e fe rence  e l ec t rode  of  t h i s  type ,  ope ra t ing  a t  t h e  p o t e n t i a l  of 
hydrogen evo lu t ion ,  i s  c a l l e d  a dynamic hydrogen e l e c t r o d e ,  o r  D.H.E. 
The D.H.E. i s  u s e f u l  over an extreme range of pH and temperature ,  and 
lacks  t h e  e l a b o r a t e  equipment needed t o  ope ra t e  a r e v e r s i b l e  hydrogen 
e l ec t rode  f o r  an extended per iod.  

b) Phys ica l  Descr ip t ion  

Once a s teady  

The s m a l l  co r -  

The phys ica l  cons t ruc t ion  of t h e  test  cel l  i s  shown i n  f i g u r e  2. 
The v e s s e l  i s  a 500 m l .  commercial r e s i n  k e t t l e ,  conta in ing  t h e  
e l e c t r o l y t e ,  400 m l .  of 35% KOH so lu t ion .  The v e s s e l  i s  immersed i n  
a ba th  of white  o i l  thennostated a t  75'+O.l0C. 
provides  e n t r y  f o r  t h e  e l e c t r i c a l  l eads  and f o r  a supply of oxygen, 
which has  been s a t u r a t e d  with water vapor a t  58' 3- 0.1OC. 
co r ros ive  na tu re  of t h e  e l e c t r o l y t e ,  a l l  g l a s s - to -g la s s  con tac t  i s  
avoided by t h e  use of t e f l o n  gaske ts  and plugs.  

A four-hole  cover 

Due t o  t h e  

The support  f o r  t h e  working e l e c t r o d e  a l s o  se rves  as an i s o l a t e d  
chamber f o r  t h e  D.H.E. The D.H.E. e l e c t r o d e s ,  a commercial formulat ion 
of platinum black on n i cke l  sc reen  bonded t o  plat inum wire, a r e  arranged 
so t h a t  oxygen generated a t  t h e  p o s i t i v e  e l e c t r o d e  w i l l  not  r e a d i l y  
d i f f u s e  downward t o  t h e  hydrogen e l ec t rode .  
e l e c t r o l y t e  i s  through a Luggin c a p i l l a r y .  

Contact with t h e  bulk 

The counter  e l ec t rode  i s  simply a smooth platinum r i n g ,  as shown. 
This  e l e c t r o d e  suppor ts  the c u r r e n t  requi red  t o  maintain t h e  working 
e l e c t r o d e  a t  a f ixed  p o t e n t i a l .  
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Elec t rodes  t o  be t e s t e d  are made by bonding f ine ly-d iv ided  
c a t a l y s t  on to  n i c k e l  sc reen .  
experiments,  of t h e  f ine ly-d iv ided  catalyst  i s  kneaded wi th  a f e w  
drops of water and a known volume of a 30% suspension o f  t e f l o n .  
The dough-like kneaded mass i s  spread uniformly on  an area a t  
approximately 3 t o  4 sq c m  of  a t i g h t l y  s t r e t c h e d  lOO-mesh screen  
of  0.002-inch diameter  n i c k e l  w i r e .  The impregnated screen  is  
d r i e d  f o r  15 minutes a t  100°C and then  s i n t e r e d  i n  a stream of  N2 
f o r  5 minutes a t  275OC. 
i n  N2 and then  c u t  i n t o  c i r c u l a r  d i s c s  of 1 sq cm wi th  a sharp  cork  
borer .  The catalyst loading f o r  each d i s c  i s  c a l c u l a t e d  from t h e  
weight of t h e  f i n i s h e d  d i s c ,  t h e  weight of  a square  cent imeter  of  
t h e  b lank  screen ,  and t h e  weight o f  s i n t e r e d  m a s s  ob ta ined  from a 
u n i t  volume of  t h e  t e f l o n  suspension i n  a s e p a r a t e  experiment. 

A s tandard  amount, 250 mg i n  our  

It i s  allowed t o  c o o l  t o  room temperature  

The d i s c  thus  obtained rests on a plat inum r i n g  on t h e  working 
e l e c t r o d e  support ,  
t o  hold it i n  p l ace  and se rve  as a n  e lectr ical  con tac t .  
i s  pos i t ioned  j u s t  a t  t h e  s u r f a c e  of  t h e  e l e c t r o l y t e  bu t  no t  
immersed, so t h a t  e l e c t r o l y t e ,  oxygen, and catalyst  are i n  in t ima te  
con tac t  w i t h i n  t h e  pores  of t h e  d i s c .  

A spr ing  of plat inum w i r e  p re s ses  on t h e  d i s c ,  
The d i s c  

c) C i r c u i t  Desc r ip t ion  

The e l e c t r i c a l  c i r c u i t r y  i s  diagramed i n  f i g u r e  3 .  Current  f o r  
t h e  D.H.E. i s  furn ished  by a 45 v o l t  b a t t e r y ,  through a s u i t a b l e  
r e s i s t a n c e ,  t o  g ive  a c u r r e n t  d e n s i t y  of  1 ma/cm2 a t  t h e  e l ec t rode .  
Provis ion  i s  a l s o  made f o r  ope ra t ing  t h e  D.H.E, a t  10 ma/cm2.  A 
high  i n i t i a l  c u r r e n t  d e n s i t y  decreases  t h e  t i m e  requi red  f o r  t h e  
D.H.E. t o  s t a b i l i z e .  

For measurement of c u r r e n t - p o t e n t i a l  cu rves ,  t h e  D.H.E, r e f e rence  
(negat ive)  e l e c t r o d e  and t h e  working and counter  e l ec t rodes  are con- 
nected t o  t h e  corresponding ou tpu t s  of  a p o t e n t i o s t a t  through a p a i r  
of double-pole double-throw switches.  ( P o t e n t i o s t a t  requirements  are 
r a t h e r  h igh;  t h e  u n i t  must be capable  of handl ing  1.5 amps c u r r e n t  a t  
1.5 v o l t s ,  A commercial u n i t ,  designed p r imar i ly  f o r  e l e c t r o d e p o s i t i o n  
experiments,  w a s  employed.) A ramp-step type  d i g i t a l  vo l tme te r ,  wi th  
an  inpu t  impedance of  lo6 ohms, i s  connected between working and 
r e fe rence  e l e c t r o d e s ,  and a n  i n t e r n a l  galvanometer on t h e  p o t e n t i o s t a t  
i n d i c a t e s  t h e  output  cu r ren t .  
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The oppos i t e  po le s  of t h e  two main DPDT switches connect t h e  ce l l  
t o  the resis tance-measuring c i r c u i t .  A 90 v o l t  b a t t e r y ,  connected 
through a series of  r e s i s t a n c e s ,  fu rn i shes  a v a r i a b l e  c u r r e n t  between 
t h e  working and counter  e l e c t r o d e s ,  which i s  measured on a n  e x t e r n a l  
ammeter. The v o l t a g e  thus  induced, r e l a t i v e  t o  t h e  D.H.E., i s  app l i ed  
t o  the vertical  inpu t  of  a D.C. osc i l loscope .  
i s  t r ipped ,  c u r r e n t  i s  i n t e r r u p t e d  abrupt ly .  
p o t e n t i a l  drop,  d i scussed  above, i s  measured from t h e  osc i l l o scope  
trace. To inc rease  s e n s i t i v i t y ,  the osc i l l o scope  vertical ampl i f i e r  
i s  set f o r  maximum ga in ,  and a small  b a t t e r y  and potent iometer  are 
used t o  oppose t h e  v o l t a g e  appl ied  t o  the  cel l  and keep the o s c i l l o -  
scope trace on scale. 

When t h e  mercury r e l a y  
The ins tan taneous  

d) Operat ion 

I n  p r a c t i c e ,  t h e  following procedure i s  used: 

E l e c t r o l y t e  s o l u t i o n ,  35% WH by weight,  i s  prepared f r e s h  before  
use  from reagent  grade KOH and d i s t i l l e d ,  deionized water t r e a t e d  t o  
remove b i o l o g i c a l  reducing agents .  
i s  placed on t h e  support  and brought i n t o  su r face  con tac t  wi th  t h e  
e l e c t r o l y t e  a t  75OC. A s l i g h t  stream of  oxygen i s  passed over t h e  
e l e c t r o l y t e .  
p o t e n t i a l ;  dur ing  this  t ime, t h e  D.H.E. i s  s tandardized.  

The newly prepared e l e c t r o d e  d i s c  

The c e l l  r e q u i r e s  s e v e r a l  hours  t o  come t o  i t s  r e s t i n g  

3 The D.H.E. i s  i n i t i a l l y  opera ted  a t  10 ma/cm2 c u r r e n t  d e n s i t  
f o r  two minutes ,  t o  clear the  e l e c t r o d e  s u r f a c e s ,  then a t  1 ma/cm . 
The p o t e n t i a l  o f  two i d e n t i c a l  r e v e r s i b l e  hydrogen e l ec t rodes  i s  
compared, t o  a s s u r e  cons is tency ,  and one of t h e  r e v e r s i b l e  e l ec t rodes  
i s  then compared t o  t h e  D.H,E. The p o t e n t i a l  of the D.H.E. was found 
t o  s t a b i l i z e  wi th in  10 minutes a t  t h e  lower c u r r e n t  d e n s i t y  and remain 
cons t an t ,  w i t h i n  3-1 m v ,  over a 6-hour per iod.  

Once a s t a b l e  r e s t i n g  p o t e n t i a l  i s  reached, a p o t e n t i a l  sweep i s  
begun, s t a r t i n g  a t  t h e  rest p o t e n t i a l  and proceeding t o  zero.  
readings  a r e  taken a t  25 and 50 mv i n t e r v a l s .  
t h e  c u r r e n t  t o  s t a b i l i z e  a t  t h e  f i r s t  po in t  i s  noted,  and a l l  success ive  
c u r r e n t  readings  are taken a f t e r  equal  s t a b i l i z a t i o n  per iods.  
completion of  t h e  downward sweep, a sweep upward t o  the rest p o t e n t i a l  
i s  made. 

Current  
The t i m e  requi red  f o r  

Upon 

Upon completion of  t h e  p o t e n t i a l  sweeps, t h e  c e l l  i n t e r n a l  
r e s i s t a n c e  i s  measured. A c u r r e n t  i s  appl ied  t o  t h e  ce l l ,  and i t s  
va lue  i s  adjus ted  t o  a convenient va lue  (usua l ly  25 ma) .  
of t h e  b i a s  c i r c u i t  i s  ad jus ted  so that  t h e  trace appears  on scale a t  
h ighes t  gain.  The c u r r e n t  i s  i n t e r r u p t e d ,  and t h e  t r a n s i e n t  recorded 
wi th  an  osc i l l og raph  camera f o r  more l e i s u r e l y  eva lua t ion .  
r e s i s t a n c e  f o r  t h e  teflon-bound d i s c s  i s  0,7-0.8 ohm. 

The p o t e n t i a l  

Average 
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Graphica l ly  presented  r e s u l t s  inc lude  both  IR-corrected and un- 
co r rec t ed  curves.  

e) C a l i b r a t i o n  

To e v a l u a t e  t h e  e f f e c t i v e n e s s  of t h e  appara tus ,  two samples o f  
American Cyanamid Type AB-4 f u e l  c e l l  e l e c t r o d e  material were t e s t e d  
by t h e  above procedure.  AB-4 i s  a plat inum b lack  on n i c k e l  sc reen ,  
bu t  t e f l o n  i s  not  employed as a binder .  The tes t  r e s u l t s  are shown 
i n  t a b l e  4. 
ind ica ted .  
s t u d i e s  of  commercial platinum e l e c t r o d e s  i n  t h i s  system (5). 

The two samples gave i d e n t i c a l  va lues  i n  t h e  range 
The va lues  obtained are i n  good agreement wi th  o the r  

TABLE 4.- Performance of  American Cyanamid 
type AB-4 e l e c t r o d e  

I, 2 m a  /cm 
E ,  (IR-free) 

mv (vs.  hydrogen zero)  

8 975 
22 950 
55 9 25 
90 900 

Activity T e s t s  on 74R (3Ni-Mu) and 74C (3Ni-lAu, carbided)  

A series o f  tests were performed on 74R and 74C, as such and 
modified by va r ious  methods o f  pre t rea tment .  
s en ted  i n  F igures  4-9. For secondary reasons ,  t h e  i n t e r n a l  r e s i s t a n c e  
of  t h e  c e l l  could not  be  determined i n  c e r t a i n  cases; hence,  some o f  
t h e  curves  are not  co r rec t ed  f o r  I R  drop. 

The r e s u l t s  are pre-  

F igures  4 and 5 were obtained wi th  3Ni-1Au when t h e  loadings were 
d i f f e r e n t ,  whereas f i g u r e s  6 and 7 were obta ined  wi th  t h e  same material 
after samples of it were t r e a t e d  wi th  petroleum e t h e r  f o r  d i f f e r e n t  
lengths  of t i m e .  I n  one case, t h e  material was l e f t  exposed t o  a i r  f o r  
24 hours  a f t e r  removal of petroleum e the r .  
then  f a b r i c a t e d  i n t o  two e l e c t r o d e s ,  one of  which was t e s t e d  immediately 
af ter  p repa ra t ion  and t h e  o t h e r  24 hours  later. 
i n  a l l  cases, the ac t iv i ty  o f  3Ni-lAu was adverse ly  a f f e c t e d  by these  
t rea tments .  

Each of t h e  materials w a s  

It w i l l  be  seen  t h a t ,  

13 



A s  i s  known, wi th  a very  few except ions ,  f i n e l y  d iv ided  reduced 
t r a n s i t i o n  metals and t h e i r  c a r b i d e s  are ve ry  s e n s i t i v e  t o  atmospheric 
ox ida t ion ,  which l e a d s  t o  s e r i o u s  loss  of  t h e i r  c a t a l y t i c  a c t i v i t y .  
The purpose of t h e s e  pre t rea tments  w a s  an  a t tempt  t o  reduce t h e i r  
ex t r ao rd ina ry  r e a c t i v i t y  with oxygen by covering t h e  su r face  wi th  a 
t h i n  l a y e r  of oxide f i l m  by slow access of oxygen. 

However, as has  been poin ted  o u t ,  t h e  a c t i v i t y  of t h e  material 
s o  t r e a t e d  was found t o  be  f a r  lower than  t h a t  of  t h e  un t r ea t ed  
3Ni-1Au. 
8) and carb ided  3Ni-1Au ( f ig .  9 ) .  

Exposure t o  H2S vapors poisoned both reduced 3Ni-lAu ( f i g .  

Work Plan 

Fur the r  t rea tment  of t h e  p repa ra t ions  t o  prevent  t h e i r  ox ida t ion  
and thus  conserve t h e i r  c a t a l y t i c  a c t i v i t y  w i l l  be  continued. 
s e l e c t e d  number of t h e  materials which, on t h e  b a s i s  of the earlier 
screening  by Tyco Labora to r i e s ,  appeared t o  o f f e r  b e t t e r  promise w i l l  
be more i n t e n s i v e l y  i n v e s t i g a t e d .  The few remaining p repa ra t ions  
agreed upon w i t h  t h e  t e c h n i c a l  monitor of N.A.S.A. w i l l  be completed. 

A 

References 

(1) Q u a r t e r l y  Report  t o  N.A.S.A. f o r  t h e  q u a r t e r  ended September 30, 
1967, 4-5, Development of  an  Improved Oxygen E lec t rode  f o r  Use 
i n  Alka l ine  H2-02 Fue l  Cel l s ,  Bureau of Mines, P i t t sbu rgh  Coal 
Research Center ,  P i t t s b u r g h ,  Pa. 

(2) Quar t e r ly  Report  t o  N.A.S.A. f o r  t h e  q u a r t e r  ended June 30, 1967, 
Q-4, Development of an Improved Oxygen Elec t rode  f o r  U s e  i n  
A lka l ine  H2-02 Fue l  Cells,  Bureau of Mines, P i t t sbu rgh  Coal 
Research Cen te r ,P i t t sbu rgh ,  Pa. 

(3) Report  t o  N.A.S,A. f o r  t h e  Period ending January 31, 1966, Develop- 
ment of Cathodic E l e c t r o c a t a l y s t s  f o r  U s e  i n  Low Temperature H2/02 
Fuel  Cells wi th  a n  Alka l ine  E l e c t r o l y t e ,  Tyco Labora tor ies ,  Inc . ,  
Bear H i l l ,  Waltham, Mass., pp. 18-21. 

(4) Giner, J., A P r a c t i c a l  Reference Electrode.  J. Electrochem. SOC., 
V. 111, NO. 3, 1964, pp. 376-377. 

(5) Q u a r t e r l y  Report  t o  N.A.S.A. f o r  t h e  per iod  ending June  30, 1966, 
4-4, Development of  Cathodic E l e c t r o c a t a l y s t s  f o r  U s e  i n  Low 
Temperature H2/02 Fuel  C e l l s  wi th  an Alka l ine  E l e c t r o l y t e ,  Tyco 
Labora to r i e s ,  Inc . ,  Bear H i l l ,  Waltham, Mass., p. 67. 

14 



I, 100 

1,000 

900 

800 

7 00 

> 
E - 600 w 

500 

400 

300 

200 

I O 0  

0 I I I I I I I I I I I 

0 40 ao 120 160 200 240 280 
i ,  ma 

Figure 4.-i-E curve for 3Ni-IAu in the reduction of 
02. 

15 



1,100 

1,000 

900 

800 

700 

600 
c. 

W 

5 0 0  

400 

30C 

20c 

1oc 

C 

I I I I I I I I I I I I I 

Uncorrected 
- 74 R (3Ni  -IAu), load ing  47mg/cm2 

F igure  5.- i -E curve for  3 N i -  IAu  in the reduct ion of 
O2 - 

16 



1,100 

1,000 

I 

900 

800 

700 

600 > 
E 

m 

W 

500 

400 

300 

200 

' 100 

I I I I I  I 

- 74R( 3Ni-IAu),treated with pet. ether 135 hrs 

@ Tested immediately after prepn 
0 Tested 24 hrs af ter  prepn. 

Curves uncorrected 

i 

i 
I I I I - 

20 40 60 80 IO0 200 
i ,ma 

300 

Figure 6.--i-E curve for 3Ni -IAu, treated with pet. ether 
for 135 hours. 

1 7  



1,100 

1,000 
d 

900 1 

( 

800' 

700 

> 
E 

W 
- 600 

500 

400 

300 

200 

IO0 

0 

I I I I I I 

74R(3Ni-IAu),treated with pet. ether 160 hrs,oir 24 hr 

@ 62 mg/crn2, tested immediateli 

0 5 0  mg/cm2, tes ted  
24 hrs a f t e r  prepn. 

- 

of ter prepn. 

Curves uncorrected 

0 20-40 60 80 100 200 300 
i, ma 

Figure 7.-i-E curve for 3Ni-IAu, treating with pet ether. 

18 



1,100 

1,000 

900 

800 

700 

600 
E' 
c 

w 
500 

400 

300 

200 

I O 0  

I I I I I 
74 R ( 3 N i - I A u ) 

0 Treated  2 0 m i n  

0 Trea ted  2 0 m i n  

80 mm 

IO mm 

20 40 60 80 100 200 
I ,ma 

300 

Figure 8.- i-E curve for 3 N i - I A u  t r e a t e d  w i t h  H,S. 

19 



1,100 

‘*ooo t 
I I I I I 1 I I I I I I I 

74C ( 3 N i  - IAu, carbided) 

A Loading 56 rng/crn2 
(uncorrected) 

> 
E 
c 

W 

280 

20 



APPENDIX I 

Samples shipped t o  Tyco Labora tor ies  this  q u a r t e r  ------------ 26 

Samples shipped t o  Tyco Labora tor ies  t o  d a t e  ----------------- 20 5 

Samples shipped t o  non-cost u s e r s  t h i s  q u a r t e r  --------------- none 

Samples shipped t o  non-cost u s e r s  t o  d a t e  .................... 337 

2 1  
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